Sample of Ligol variety apples (slices of 3 and 10 mm thickness and cubes of 10 mm thickness) were dried using following methods: natural convection (drying air velocity amounted to 0.01 m/s), forced convection (0.5 and 2 m/s), fluidized bed drying (6 m/s). The drying air temperature was kept at 50, 60, and 70C. The dried apples samples were rehydrated in distilled water at 20, 45, 70, and 95C. The Weibull model given for describing time dependence of the moisture content change was fitted to experimental data and model parameters were determined by multiple regression analysis. The variation of model parameters with characteristic particle dimension (L), drying air velocity (v), drying air temperature (td), and rehydration temperature (tr) described as multiplication type. By using these verification of parameters, extended Weibull model for describing combine effects of L, v, td, tr, and drying time was derived and the parameters of the model were also determined by multiple regression analysis. The accuracies of both models were measured using the determination coefficient (R 2 ), mean bias error (MBE), root mean square error (RMSE), reduced chi-square ( 2 ), and t-statistic method. The Weibull model (R 2 =0.8319-0.9957, MBE=-0.0044-0.0110, RMSE=0.0189-0.1248,  2 =0.0004-0.0180, and t-stat=0.0149-0.2875) and the extended Weibull model (R 2 =0.9130-0.9948, MBE=-0.0209-0.0377, RMSE=0.0230-0.0719,  2 =0.0007-0.0057, and t-stat=0.0389-1.2214) described the rehydration characteristics of dried apple satisfactorily. The extended model by taking into account the effect of L, v, td, and tr on its parameters can be considered as more general one.
INTRODUCTION
The knowledge of the rehydration kinetics of dried products is important to optimise process from a quality point of view because rehydration is a key quality aspect for those dried products that have to be reconstituted before their consumption. Different transport mechanisms take place during rehydration of dried food products, namely molecular diffusion, convection, hydraulic flow, and capillary flow (Saguy et al. 2005 ). The mathematical modelling of the rehydration process is the most important aspect of rehydration technology. Different authors modelled discussed process. Some of them proposed theoretical models among others such based on Fick's law of diffusion. Górnicki (2011) The Weibull model has been found to give satisfactory results in the description of rehydration of the dried materials. Ergűn et al. (2016) determined the rehydration kinetics of freeze dried (13.33 Pa absolute pressure, −48 °C condenser temperature) kiwi slices. Rehydration experiments were carried out in distilled water at a temperature of 18°C. The solid: liquid ratios were adjusted as 1:25, 1:50, 1:75, 1:100, and 1:125 (w:w). The kinetics of the moisture absorption of the kiwi slices was modelled by the application Weibull model. The results showed that the Weibull model was not well fitted to the experimental data due to low R 2 values (0.677-0.9232). Link et al. (2017) compared different drying methods (conductive multi-flash drying, air-drying, vacuum drying, and freeze-drying) with respect to rehydration kinetics of dried mangoes slices. Dried mangoes were immersed in distilled water (1:100 -dried mango weight: water weight) at 20°C and 80°C. The Exponential model, Peleg model and Weibull model were used for describing the rehydration of mango samples. However, the best statistical parameters were obtained fitting the Weibull model to the experimental data, thus this model was considered the most accurate for describing the rehydration kinetics of dried mangoes. Garcia Machado et al. (1999) measured the moisture uptake by readyto-eat corn breakfast cereal immersed in milk solutions, reconstituted from whole and skimmed milk powder under isothermal conditions at 5, 30 and 55°C. The Weibull model described the moisture uptake process by corn breakfast cereal adequately.
The objectives of this study were: (1) to apply the Weibull model to the description of moisture content changes during rehydration of dried apples, (2) to determine the effect of characteristic particle dimension, drying air velocity, drying air temperature, and rehydration temperature on model parameters. It turned out from the literature survey that there is no information on the subject undertaken in this study.
MATERIAL AND METHODS
High-quality Ligol apples bought at a Warsaw market were used in the research. The raw material was washed, peeled, and cut into slices of 3 and 10 mm thickness and cubes of 10 mm thickness. The apple samples were dried using following methods: natural convection (drying air velocity amounted to 0.01 m/s), forced convection (0.5 and 2 m/s), and fluidized bed drying (6 m/s). The drying air temperature was kept at 50, 60, and 70C. The drying lasted until the constant weight of the dried material was attained. Dried material obtained in the same conditions was stored in air-tight glass container until it was used in the rehydration experiments.
The dried apples samples were rehydrated in distilled water at 20, 45, 70, and 95C. Rehydration lasted from 6 h (at 20C) to 2 h (at 95C). The initial mass of the dried material subjected to rehydration amounted to ca. 10 g.
Mass determination process was conducted as follows: samples were weighted at least 7 times during the rehydration. Rehydrated samples were separated from the distilled water, dried with the blotting and weighted. The samples were next used to measure dry matter of solid content. Dry matter of solid was determined according to AOAC (2003) standards and was determined 7 times during the rehydration. The mass and dry matter measurements were replicated three times. The WPE 300 scales (RADWAG, Radom) were used for the measurements. The maximum relative error in the determination of the mass and dry matter mass amounted to 0.1%.
The moisture content (dry basis) M was calculated from formula
where: m() is the mass (g), τ is the time (s), md.m. is the mass of dry matter (g).
The moisture ratio was calculated from formula
where: M0 is the initial moisture content (dry basis), Me is the moisture content at saturation (equilibrium moisture content, dry basis).
The Weibull model was used to describe the rehydration kinetics
where: α is the scale parameter (s), β is the dimensionless shape parameter.
The goodness of fit of the model to the experimental data was evaluated with the determination coefficient (R 2 ), mean bias error (MBE), root mean square error (RMSE), reduced chi-square (χ 2 ), and t-statistic method. The higher the R 2 value and lower the values of MBE, RMSE, χ 2 , and t-stat, the better the goodness of the fit. The effect of characteristic particle dimension L (mm), drying air velocity v (m/s), drying air temperature td (C), and rehydration temperature tr (C) on parameters α and β was also investigated by multiple regression analysis. The parameters were determined by investigating the four-variable polynomial function. The regression analyses and ANOVA (p<0.05) were done using the STATISTICA routine.
RESULTS AND DISCUSSION
Plot for variation in mass, dry matter of solid, and moisture content with time during rehydration are shown in Figure 1 . It can be seen from Figure 1a and Figure 1c that moisture uptake increases with increasing rehydration time, and the rate is faster in initial period of rehydration and decreased up to the saturation level. This initial period of high water uptake can be attributed to the capillaries and cavities near the surface filling up rapidly (Cunningham et al. 2008 ). It can be observed from Figure 1b that solute loss increases with increasing rehydration time, and the rate is faster in the initial period of rehydration and decreased up to the saturation level. The explanation of such a course of variation in dry matter of solid with time can be the following. There is an initial steep decrease in solid content because of a high rate of mass transfer. As the solute concentration equilibrated with the environment, the rate of change of solid dry matter is substantially reduced (Sopade et al., 2007) .
The results of statistical analyses undertaken on the Weibull model are given in 
where: L in mm, v in m/s, td in C, tr inC, and L depends not only on the particle dimension but the particle shape as well and according to Pabis et al. (1998) : L=s for slice of thickness 2s and L -2 =3s -2 for cube thickness 2s. As can be seen the values of scale parameter α and shape parameter β depend on characteristic particle dimension, drying air temperature, and rehydration temperature. The values of β depend moreover on drying air velocity (Eq. (5)). Figure 2 shows the relationship between the parameters α and β calculated from experiment (their values are shown in Table 1 ) and predicted by using of Eqs. (4) Eq. (5) for shape parameter β.
The Eqs. (4) and (5) were then used to estimate the moisture content of rehydrated dried apples at any time during rehydration. Validation of the developed extended Weibull model was made by comparing the computed moisture contents with the measured ones in any particular rehydrating run under certain conditions. The results of statistical analyses undertaken on the extended Weibull model are given in Table 2 . They are comparable with the results obtained for the Weibull model (Table 1) . Table 1 The values of Figure 3 shows the relationship between the moisture ratio calculated experimentally (Eq. 2) and the moisture ratio calculated by using the extended Weibull model (Eqs. (3), (4), and (5)). As shown in Fig. 3 it can be accepted that the extended Weibull model provided a good fit to moisture ratio calculated experimental data for rehydration of dried apples (R 2 =0.9776, MBE=0.0081, RMSE=0.0620, χ 2 =0.0040, and t-stat=0.3477). 
